TITLE OF THE INVENTION 



Method And Apparatus To Control The Rate Of Flow Of A Fluid Through A Conduit 
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FIELD OF THE INVENTION 



This invention relates generally to a method and an apparatus for controlling the rate of 
flow of a fluid through a conduit, and in particular to a method and an apparatus that 
permits the delivery of a stream of fluid from a pump at a flow rate below the output rate 
of the pump. 



BACKGROUND OF THE INVENTION 

In many situations there is a desire to produce a stream of pressurized fluid at a flow rate 
that is below the minimum or output rate of a pump that comprises part of a particular 
piece of equipment or that is situated at a particular site or location. For example, in 
many oil or gas field applications (including underbalanced drilling situations) it is 
necessary to pump or inject fluid into a wellbore at rates below the output rate of the 
pump that is supplied with a drilling or service rig. In such cases a separate pump that 
is designed to pump at the low rate required for a specific operation must typically be 
acquired and put to use. 

If properly sized for a given application, utilization of a secondary pump will satisfy the 
particular needs at hand, but also presents a number of limitations. First, a secondary 
pump and pumping system can add significantly to cost in terms of capital outlay or 
rental charges, and also in terms of increased operating and maintenance costs. In 
addition, a secondary pump designed for producing a stream of pressurized fluid at a 
particular flow rate will, as in the case of the primary rig pump, be of little use in the 
event that the operational parameters should change and should there be a need or desire 
for a fluid flow rate below the minimum pumping rate of the secondary pump. Where 
there is the expectation that a required minimum flow rate may change, more complex 
and sophisticated pumps having variable flow rates can be utilized, but once again only 
at significantly increased costs. 



SUMMARY OF THE INVENTION 



The invention therefore provides both a method and an apparatus that may be used in 
conjunction with available pumping systems in order to produce a stream of pressurized 
fluid at a flow rate below the output rate of an available pump. In one aspect the 
invention also incorporates the use of automated controls to allow for adjustments to be 
made to the flow rate as required. 

Accordingly, in one of its aspects the invention provides an apparatus to control the rate 
of flow of a stream of pressurized fluid through a conduit, the apparatus comprising a 
flow measurement device operatively connected to said conduit, said flow measurement 
device generating an output signal proportionate to the rate of flow of said fluid 
therethrough, a flow control device operatively connected to said conduit, said flow 
control device including an adjustable orifice wherein upon the opening of said orifice 
a portion of said stream of pressurized fluid is independently released from said conduit 
by said flow control device; and, a controller operatively connected to said flow control 
device and receiving said output signal generated by said flow measurement device, said 
controller causing said adjustable orifice in said flow control device to open or close as 
necessary to maintain the flow of pressurized fluid as measured by said flow 
measurement device within pre-determined limits. 



In a further aspect the invention provides an apparatus to control the rate of flow of 
pressurized fluid through a conduit connected to a pump, the apparatus permitting the 
discharge of fluid from said conduit at a rate below the output rate of the pump, the 
apparatus comprising a flow measurement device operatively connected to said conduit 
5 and generating an output signal proportionate to the rate of flow of said fluid 
therethrough, an adjustable flow control device operatively connected to said conduit, 
said flow control device permitting a portion of said pressurized fluid to be 
independently released from said conduit to maintain the flow of pressurized fluid as 
measured by said flow measurement device within pre-determined limits. 

10 

The invention also concerns a method of controlling the rate of flow of a stream of 
pressurized fluid through a conduit, the method comprising the steps of determining the 
rate of flow of fluid through a portion of said conduit and generating a signal 
proportionate to said fluid flow rate, directing said signal to a controller operatively 

15 connected to a flow control device, said flow control device operatively connected to 
said conduit and including an adjustable orifice wherein upon the opening of said orifice 
a portion of said stream of pressurized fluid is independently released from said conduit 
by said flow control device; and, with said controller, comparing said signal to a pre- 
determined value and activating said flow control device to open or close said 

20 adjustable orifice as necessary to maintain the flow of pressurized fluid as measured by 
said flow measurement device within pre-determined limits. 
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In yet a further aspects the invention pertains to a method to control the rate of flow of 
pressurized fluid through a conduit connected to a pump, the method permitting the 
discharge of said fluid from said conduit at a rate below the output rate of the pump, the 
method comprising the steps of determining the rate of flow of fluid through a portion 
5 of said conduit using a flow measurement device and generating a signal proportionate 
to said fluid flow rate; and, comparing said generated signal to a pre-determined value 
and activating an adjustable flow control device operatively connected to said conduit 
to permit a portion of said pressurized fluid to be independently released from said 
conduit to maintain the flow of pressurized fluid as measured by said flow measurement 
1 0 device within pre-determined limits. 

Further aspects and advantages of the invention will become apparent from the 
following description taken together with the accompanying drawings. 

15 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to show more clearly how it may 
be carried into effect, reference will now be made, by way of example, to the 
5 accompanying drawings which show the preferred embodiments of the present invention 
in which: 

Figure 1 is a schematic flow diagram depicting the primary aspects of a preferred 
embodiment of the present invention; 

10 

Figure 2 is a schematic flow diagram of an alternate embodiment of the invention to that 
shown in Figure 1 ; 

Figure 3 is a schematic flow diagram of a third embodiment of the invention; and, 

15 

Figure 4 is a schematic flow diagram of a fourth embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention may be embodied in a number of different forms. However, the 
5 specification and drawings that follow describe and disclose only some of the specific 
forms of the invention and are not intended to limit the scope of the invention as defined 
in the claims that follow herein. 

Referring to Figure 1, there is shown in schematic form a fluid flow circuit that 
10 incorporates a preferred embodiment of the present invention. In Figure 1 a pump 1 
draws fluid from a tank or reservoir 2 through a suction line 3 and delivers a stream of 
pressurized fluid through a pump discharge pipe 4. Where the application of the 
invention concerns a drilling or service rig, pump 1 will represent a rig pump, typically 
of the type capable of producing a flow rate of from 300 to 1500 litres per minute. It 
1 5 . should be understood that the invention could equally be applicable to other situations 
aside from drilling or service rigs. However, for illustration purposes the description that 
follows herein is generally directed to drilling or service rig applications. 

In accordance with the present invention, there is provided a means to control the rate 
20 of flow of a stream of pressurized fluid traveling or discharged through a conduit 
connected to the output of pump 1 . In Figure 1 the conduit in question is indicated 
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generally by reference numeral 5. In this embodiment the invention is comprised 
generally of a flow measurement device 6 and a flow control device 7. The invention 
may also include a controller 8 that is operatively connected to both flow measurement 
device 6 and flow control device 7. Depending upon the specific nature of flow 
5 measurement device 6, flow control device 7 and controller 8, and also depending upon 
the degree of sophistication and automation desired, the specific operation of the 
primary component parts of the invention may vary. Nevertheless, in each instance 
there is provided a mechanism that permits the control of the rate of flow of fluid that 
travels through, and/or that is discharged from, conduit 5. In particular there is provided 
10 a mechanism that enables fluid to flow through and/or be discharged from conduit 5 at 
a rate below the output rate of pump 1 (for example at a rate of approximately 100 litres 
per minute as is often required when injecting into a wellbore). The particular nature 
and operation of the components and the preferred embodiments of the invention are 
described in more detail as follows. 

15 

In the embodiment of the invention depicted in Figure 1, flow measurement device 6 is 
operatively connected to conduit 5 such that the flow measurement device is capable of 
measuring or determining the rate of flow of fluid through the conduit. In one aspect of 
the invention flow measurement device 6 includes a turbine in communication with the 
20 stream of pressurized fluid flowing through conduit 5. It is expected that in most 
instances the turbine would be an in-line turbine located within the conduit. In other 
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cases the turbine may be situated in a pipe or duct connected in parallel to conduit 5 
such that it may be isolated through the use of valves for purposes of maintenance or 
replacement. 

5 Where flow measurement device 6 is comprised of a turbine commonly available 
mechanical or electronic sensing means will be utilized to count and record the number 
of revolutions of the turbine, from which a fluid flow rate can be determined. One such 
commonly used electronic sensing means involves the placement of one or more 
magnets on the turbine such that the magnets are caused to rotate in a circular path as 

10 fluid flows past the turbine. Situated in the housing surrounding the turbine, and in 
close proximity thereto, is a reed switch containing magnetically actuated reeds that 
effectively open and close an electric circuit with fluctuations in the magnetic field 
created through the rotation of the turbine. Counting the number of times that the reed 
switch is opened and closed over a given time frame, in conjunction with the dimensions 

15 of the turbine and the size of the conduit within which it is situated, can thus be used to 
calculate and determine a volumetric flow rate. 

It will be appreciated that a variety of other flow measurement devices could equally be 
used while remaining within the broad scope of the invention. For example, in an 
20 alternate embodiment flow measurement device 6 may include a pressure sensor that 
outputs a signal proportionate to the pressure of fluid measured within conduit 5. The 

10 



pressure of the fluid within the conduit may then be used to help calculate a flow rate. 
In yet a further embodiment flow measurement device 6 may include a pitot tube 
connected to conduit 5, the output from which may be used to determine a fluid flow 
rate. It should be noted that other volumetric measuring devices and methods could 
5 equally be used to determine the flow of pressurized fluid through conduit 5. 

Flow control device 7 is operatively connected to the discharge of pump 1 and includes 
an adjustable orifice that permits the independent release of pressurized fluid thereby 
effectively controlling the rate of flow of fluid through conduit 5. The orifice in flow 

10 control device 7 would most commonly be comprised of an adjustable choke or valve 
and may be manually or automatically operable. Where flow control device 7 is 
operated manually (see Figure 2) the invention preferably provides a visual indicator 
responsive to the output signal generated by flow measurement device 6. Typically the 
visual indicator would be comprised of a gauge 9 that may be read by an operator to 

1 5 determine the flow rate measured by flow measurement device 6. The operator is then 
presented with the ability to manually adjust flow control device 7 in accordance with 
fluctuations in the readings presented by gauge 9, and to thereby maintain the flow of 
fluid as measured by flow measurement device 6 within pre-determined limits. 

20 Where the invention is automated ( as in Figure 1) the adjustable orifice in flow control 
device 7 is automatically operated by means of a solenoid or similar apparatus, the 
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function of which is dictated by controller 8. Under this structure controller 8 is 
operatively connected to both flow control device 7 and flow measurement device 6. 
The output signal generated by the flow measurement device is received by controller 
8, which then in turn causes the adjustable orifice in flow control device 7 to open or 
5 close as necessary. Adjustments to the orifice will increase or decrease the amount of 
fluid independently released by flow control device 7 to thereby maintain the flow of 
pressurized fluid as measured by flow measurement device 6 within pre-determined 
limits. Depending upon the physical structure of flow measurement device 6, the output 
signal received by controller 8 may be electric, hydraulic, pneumatic or mechanical. 

1 0 Similarly, depending upon the physical structure and nature of flow control device 7, the 
adjustment of the orifice within the flow control device may be accomplished through 
direct mechanical linkage with controller 8 or, alternatively, through the generation of 
an electric, hydraulic, or pneumatic signal. In a preferred embodiment of the invention 
controller 8 is a microprocessor control that is programable to automatically adjust the 

15 orifice in flow control device 7 in accordance with fluctuations in the output signal 
received from flow measurement device 6. 

In an alternate embodiment of the invention flow measurement device 6 may include a 
pilot pressure control tube 10 having a first end 1 1 in communication with conduit 5 and 
20 a second end 12 that is either in communication with controller 8 (as in Figure 3) or that 
is in direct communication with flow control device 7 (as in Figure 4). Where pilot 
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pressure control tube 10 is in communication with controller 8 fluctuations in the pilot 
pressure within tube 10 will result in controller 8 activating fluid control device 7 in 
order to maintain the flow of fluid through conduit 5 within desired limits. 
Alternatively, where second end 12 of pilot pressure control tube 10 is in direct 
5 communication with flow control device 7, the flow control device will have 
incorporated within it a pressure sensing or pressure reacting means, which may include 
a shuttle valve. The pressure sensing or reacting means will react to changes in the pilot 
pressure in tube 10 and cause an appropriate adjustment in the orifice within flow 
control device 7 so as to maintain the flow of fluid through conduit 10 at required levels. 

10 

From a thorough understanding of the invention it will be apparent that the described 
structure will permit the control of the rate of flow of pressurized fluid through or 
discharged from conduit 5, to the extent that the fluid flow is below that at which pump 
1 is capable of producing on its own. Regardless of the particular forms of flow 

1 5 measurement device 6 and flow control device 7 that are used, through monitoring the 
flow of fluid through conduit 5 and making appropriate adjustments to flow control 
device 7 to independently release a portion of the pressurized fluid emanating from 
pump 1, the volumetric flow through conduit 5 can be controlled and effectively set at 
any rate from essentially zero through to the full pumping capacity of pump 1. 

20 Automation of the system through the utilization of controller 8 and an automatically 
adjustable orifice within flow control 7 permits an operator to effectively set the desired 
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rate of flow through conduit 5 and proceed with confidence that the flow rate will be 
maintained so long as there is a sufficient capacity of pressurized fluid being produced 
by pump 1 . The described system may be included in the design of an original pumping 
system, or may be constructed for retrofit application to existing pump systems by 
5 merely taping or teeing into the discharge line of an existing pump. 

It is to be understood that what has been described are the preferred embodiments of the 
invention and that it may be possible to make variations to these embodiments while 
staying within the broad scope of the invention. Some of these variations have been 

10 discussed while others will be readily apparent to those skilled in the art. For example, 
while in Figure 1 flow measurement device 6 is shown as operatively connected to 
conduit 5 upstream of flow control device 7, the flow measurement device may equally 
be situated so as to determine the rate of flow of pressurized fluid that is independently 
released by flow control device 7 (ie downstream of the flow control device). That is, 

15 depending upon the relative positioning of flow measurement device 6, and for a 
constant pumping rate, the volumetric flow of fluid through conduit 5 may be 
determined directly through the connection of the flow measurement device to conduit 
5 or, alternatively, through measuring the volume of fluid independently released by 
flow control device 7 and comparing the independently released volume with the 

20 pumping rate of pump 1 . It will also be appreciated that while flow control device 7 has 
been described as a choke or valve, it could equally take the form of a wide variety of 
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other structures, including a two-way or three-way valve, a shuttle valve, etc. 

In addition, it will be appreciated that the monitoring and operation of the described 
system may be accomplished by a controller operatively placed between flow 
5 measurement device 6 and flow control device 7. Flow control device 7 may also be 
operated directly by signals generated by flow measurement device 6 that are sent 
specifically to flow control device 7 without the use of an intermediary controller. In 
such an embodiment the flow measurement and flow control devices may be located at 
separate positions within the pumping system or may be integrated into a single 
10 component. As discussed above such signals may be mechanical, electrical, hydraulic, 
pneumatic or pilot pressure signals. 
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